A vector controlled scheme is described for induction motor with split phase windings. Such a motor is obtained by splitting the phase windings of a conventional three phase motor with an angular seperation of 30 electrical degrees between the axes of the two halves. In the proposed scheme the motor is run as a three phase machine by connnecting the split phase windings in series. However the winding taps are utilised for making voltage measurements. Based on a space phasor model of the split phase machine, a method of acquiring the position of the rotor flux is developed. The scheme is based only on the voltage and current measurements, without the need for position encoders. It is also independent of machine resistance values. Results from computer simulation as well as from an experimental prototype drive are presented and discussed.
Introduction
Split phase induction motors are used in conjunction with current source inverters, inorder to reduce the low frequency torque ripple and also to extend the high frequency operation of a CSI fed induction motor drive [1] [2]. A split phase motor configuration can be easily obtained by splitting the phase belts of a conventional 3-phase motor into two equal halves with an angular separtion of 30 electrical degrees [3] . In current source inverter drives two independent inverters are used to drive the split phase group of coils [1] [2] [3] . In the present study the split phase motor configuration is studied using voltage source inverters, by running the motor as a 3-phase configuration by appropriately connecting the split phase stator groups Fig 1. b [3] . Here the split phase stator groups are used for voltage measurements for a rotor flux estimation, from terminal measurements of voltages and currents only. In the following section the motor dynamic model equations are presented in space phasor notations.
Split phase induction motor model
The schematic representation of the split phase motor is shown in Fig la and Fig l b shows the schematic representation for the three phase operation of the split phase motor. The slot wise distribution of conductors of the different phase groups of the split phase motor used for the present study is shown in Fig 2. Conductors of different phase groups come in the same slot due to the split phase stator structure, resulting in a leakage flux coupling between conductors of different phase groups [4] [6] .Taking this leakage flux coupling into consideration, the voltage space phasor based equation for the motor can be written as, In equation (I), the voltage space phasor equation for the A'B'C' phase group is presented, in which the reference axis (real component -a) for the A'B'C' phase group is placed along the A' -phase coil axis and the imaginary axis ( p ) is placed perpendicular to the A'-phase coil axis (Fig 3) .
Correspondingly the reference axis for the ABC phase group is placed along A -phase coil axis. In equation (3) the voltage space phasor equation for the rotor circuit is defined with respect to a reference axis (3 phase reference axis) placed mid way between the A -phase and A' -phase reference axis (Fig 3) . 
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Equations (4), (5) and (7) reprent the split phase motor model under sinusoidal excitation and can be defined with respect to a common reference axis ( 
Voltage defined with respect to the 3-phase reference axis in ( Fig.3) space phasor equation for the ABC phase group
From eqn (7), eqn (8) and eqn (9) a steady state motor model for the split phase motor can be prposed and is shown in F i g ( 4 H
[4]. The split phase motor model proposed is also valid for the three phase operation (Fig 1.b) under three phase operation. The split phase motor model parameters can be found out by running the motor as a 3-phase motor ( Fig 1.b) and conducting the open circuit and short circuit test. The stator rsistance RS can be found out from DC measurement and the R, can be found out from measuring the input power under short circuit operation.
Open circuit test
The motor is run as a 3-phase motor and the split phase motor voltages are measured with respect to the common current 
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From eqn ( 12) and eqn ( 13) from the previously calculated vales oERs,RR,, (1 -o l z ) L s s a n d L~s , t h e t e r m ( ( l -o~z ) L~-L~~) + L~ can be found out from short circuit test and is equally divided between the rotor leakage component LI, and the stator leakage A. From the motor model parameters and using the split phase voltage space phasor equations ( eqn (1) and eqn (2) ), a rotor flux sensing scheme is presented in the following sections.
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-6. Rotor Flux Position Estimation
From Fig (4) and from equation (1) and equation (2) the rotor flux space phasor ( y,(t) ) in stationary co-ordinates, defined with respect to the 3 phase reference (Fig 3) A field oriented control scheme for the split phase motor configuration is implemented for 1HP motor developed for the present study Fig(5) . The proposed scheme is simulated using simulation package TUTSIM . Fig 6 shows the simulation results of the rotor flux, speed and torque producing current component for a speed reversal and Fig.7 shows the signal variation for a step change in load torque. The simulated results are also compared and verified using an experimental set up. 
Conclusion
A field oriented control scheme, using split -phase voltage and current measurements, for an induction motor drive is presented. An equivalent circuit model based on space phasor definitions is presented. The proposed scheme is analysed using computer simulation and also verified using experimental results. The salient features of the proposed scheme are, + Rotor flux position estimation is possible from split -phase terminal voltage and current measurements for an induction motor. + Costly and complicated position encoders are not required. + Motor resistance parameters are not involved in the flux computation.
Voltage sensing from the conventional induction motor phase belt tapping is required and splitting the phase can be easily achieved from conventional motors with even number of slots per pole.
